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To determine the feasibility of selective lymphadenectomy, the
authors developed a feline model to identify and determine the
utility of mapping dyes for this purpose. Adult cats were injected
intradermaily with a variety of mapping substances to determine
whether the anatomic site of injection had a predictable pattern
of drainage to a particular lymph node. Isosulfan blue provided
the optimal mapping material. Injection of isosulfan blue intra-
dermally into the skin of the medial thigh consistently led to
coloration of the central lymph node, whereas intradermal ab-
dominal wall injections and intradermal lateral thigh injections
resulted in coloration of the lateral lymph node. Intradermal
injections into skin about the perineum resulted in coloration of
the most medial lymph node only. The feline model proved to a
useful model to examine the utility of mapping dyes and to dem-
onstrate dermal lymphatics. The predictable pattern of drainge
of the skin in this feline model supports the feasibility of selective
lymphadenectomy.

A NUMBER OF CLINICAL observations suggest that
the primary route of metastasis in human mel-
anoma is through the dermal lymphatics to the

regional lymph nodes. Among these observations is the
recognition that the most frequent initial site of metastatic
disease is the regional lymph nodes and the occasional,
although not infrequent, occurrence of dermal metastases
surrounding the primary lesion (satellites) or the devel-
opment of in-transit recurrent melanoma." 2

Based on these clinical observations, a surgical strategy
to widely encompass the primary tumor and to excise the
regional lymphatics at risk for harboring metastatic disease
generally has been considered standard therapy for ma-
lignant melanoma. Based on the microscopic observation
of lymphatic permeation of tumor cells surrounding the
primary tumor, Handley3 advised a circular incision about
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the primary tumor to encompass tissue potentially in-
volved with metastatic tumor cells. Although the concept
of "wide" excision generally has been well accepted, the
value of immediate lymphadenectomy in the surgical
treatment of melanoma in the absence of clinically iden-
tifiable disease continues to generate considerable debate.
Large, single institutional retrospective reviews have sug-
gested that immediate lymphadenectomy results in im-
proved survival in certain subsets of melanoma patients
when compared with those who undergo therapeutic
lymphadenectomy for clinically apparent disease.`6 Two
prospective randomized trials, however, have indicated
no statistically significant survival benefit for patients un-
dergoing immediate lymphadenectomy when compared
with those undergoing therapeutic lymphadenectomy.7,8

It is apparent that immediate lymphadenectomy can
potentially benefit only those individuals with metastatic
involvement of the regional lymph nodes. Microstaging
of the primary lesion by both Clark's level and depth of
invasion has an important correlation with the probability
oflymph node metastases.9-2 Patients with primary mel-
anoma less than 0.76 mm in thickness rarely metastasize,
whereas patients with increasingly invasive primary mel-
anomas have an increasing incidence of node metastasis.
Despite the obvious ability of microstaging to define a
group of patients at either high or low risk for developing
lymph node metastases, most patients with clinically un-
involved lymph nodes are not found to have microscopic
disease at the time of lymphadenectomy.
The interrelationship between the skin, dermal lym-

phatics, and lymph nodes is poorly understood. Lym-
phangiographic studies have demonstrated that fine der-
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mal lymphatics coalesce to form a number ofmajor lym-
phatic trunks that eventually drain to the regional lymph
nodes. Despite the apparent complexity of the dermal
lymphatic system, it does not seem unreasonable to an-

ticipate that the primary lymphatic drainage ofany given
site of skin would be to a single, "sentinel" lymph node.
Although it seems logical that metastasizing cells would
spread to the geographically closest node, this is not nec-
essarily the case.'3 If the concept of a "sentinel" lymph
node is valid, then perhaps methodology could be devel-
oped that could identify that specific lymph node at risk
for containing metastatic disease. This lymph node then
could be excised with a selective lymphadenectomy and
examined. If found to be uninvolved with metastatic tu-
mor, the patient could be spared the risk and potential
complications of complete lymphadenectomy. If the
lymph node were positive, only then would a complete
lymphadenectomy be potentially therapeutic.
To address this question, we sought an appropriate an-

imal model to determine the specificity of the lymphatic
drainage ofthe skin. In contrast to almost all rodents and
mammals, in which the lymphatic drainage is to a single
large lymph node, only the cat has a lymphatic anatomy
similar to the multiple lymph nodes found in lymphatic
basins of the neck, axilla, or groin of humans. The cat
has three inguinal lymph nodes,'4 similar to the multiple
lymph nodes in humans, and therefore seems ideally
suited to examine the hypothesis of site-specific lymphatic
drainage of the skin.

Materials and Methods

Animals

After approval of the treatment protocol by the Insti-
tutional Animal Review Committee, adult male and fe-
male cats were obtained 1 day before the planned pro-

cedure and housed overnight in the animal vivarium at
UCLA. All surgical procedures were performed under
general anesthesia (ketamine [10 mg/kg] and halothane).
Each animal was used for evaluation of both right and
left inguinal node stations, and each injection site was

accounted for as a single data point. At the completion
of the surgical procedures, all cats were killed by lethal
injection with potassium chloride.

Dyes

A number of substances were examined for their po-

tential utility as tracking dyes in the lymphatics. These
included methylene blue (American Regent Lab, Shirley,
NY), isosulfan blue (Zenith Parenterals, Rosemont, IL),
and Cyalume (American Cyanamid Co., Bound Brook,
NJ). All substances used were known to be nontoxic in
vivo and were injected intradermally as provided from the
supplier.

Treatment Protocol

Under general anesthesia 0.25 to 0.5 mL ofthe mapping
dye was carefully injected intradermally, using a 25-gauge
tuberculin syringe. Approximately 5 minutes later, to al-
low the entry ofthe mapping dye into the lymphatics, an

oblique incision in the groin was made and the skin flap
opposite the site of injection was raised sharply with a
scalpel. The proximal flap was elevated in a similar fash-
ion, taking extreme care to be superficial to the lymphatic
channels to avoid dividing them. A superficial groin dis-
section subsequently was performed by taking the inguinal
fat pad starting from the area most distal from the dye
injection site and dissecting it offthe fascia ofthe anterior
abdominal wall and femoral triangle. The orientation of
the specimen was preserved and the individual lymph
nodes were isolated and visually characterized for presence
or absence of the dye.

Results

Selection ofthe Optimal Mapping Dye

Three agents were studied to determine an optimal
material for mapping the lymphatics. Cyalume is a flu-
orescent dye that allowed ready identification ofthe lym-
phatic but had substantial problems with background flu-
orescence because of leakage into the surrounding inter-
stitial tissue space. For this reason Cyalume proved not
to be a satisfactory lymphatic mapping agent. Methylene
blue, when injected intradermally, proved to be unsatis-
factory in defining the lymphatic drainage because ofpoor
uptake in the lymphatics as well as staining of the tissue.
The most useful mapping dye proved to be isosulfan

blue. Isosulfan blue, when injected intradermally, rapidly
entered the lymphatics and was associated with minimal
diffusion into surrounding soft tissue. Elevation of skin
flaps before the injection of the isosulfan blue allowed us

to visualize the rapid uptake and the progress of the dye
toward the draining lymph node station. The dye was

readily visualized in the lymphatic channels, as was the
lymph node, which turns a light blue color as the dye
diffuses through the node (Fig. 1).

Lymphatic Mapping

Per the treatment protocol, adult cats were anesthetized
and 0.25 to 0.5 mL isosulfan blue was injected intrader-
mally. An intradermal injection ofthe isosulfan blue was
critical in achieving the results. Subcutaneous injection
of the isosulfan blue resulted in rapid uptake of the dye
into subcutaneous lymphatics, which subsequently enter
lymph nodes in the deep groin, bypassing nodes in the
superficial groin.
The lymphatic anatomy ofthe cat allows identification

of three regional lymph nodes: a medial, a middle, and a
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FIG. 1. Intraoperative examination of the dermal lymphatic system using
isosulfan blue. The lymphatic channels are readily visualized as bright
blue (small arrows). The lymph node (large arrow) is stained a pale blue
that is clearly distinguishable from the adjacent lymph nodes marked
by the needles. This lymph node was identified after injection of isosulfan
blue intradermally in the medial thigh.

lateral node. The skin of the hind limb laterally and me-

dially, the perineum, and the abdominal wall all were

used as the sites of injection. A predictable pattern of
lymphatic drainage from the various sites of injection
rapidly emerged. Injection of isosulfan blue (6/6 injec-
tions) intradermally into the skin ofthe medial thigh uni-
formly resulted in blue coloration of only the middle
lymph node (Fig. 2). In contrast injection of isosulfan
blue intradermally into skin of the lateral thigh (10/10
injections) uniformly resulted in blue coloration of the
lateral lymph node only, as did a similar injection intra-
dermally into the skin of the anterior abdominal wall.
Similarly injection intradermally into skin ofthe perineum
(4/4 injections) resulted in blue coloration in the medial
lymph node only.

Further studies were performed with the lymph nodes
in situ. A similar elevation of skin flaps was performed
and the afferent lymphatic channel was identified. Using
a meticulous dissection technique, we were able to follow
the dermal lymphatic channel to the primary draining
lymph node. Continued observation of the in situ lymph
nodes allowed us to follow the progression of the dye
through the lymph node and sequentially into the adjacent
lymph node before entering the deep lymphatic system
of the groin.

Discussion

This report describes the development ofa feline model
to determine the feasibility of intraoperative mapping for
the purpose of selective lymphadenectomy. The feline
model was selected because the cat has a regional lym-
phatic anatomy that most closely approximates that of

humans. In contrast to most rodent and mammals other
than humans, who have only a single large lymph node,
the cat uniformly has multiple lymph nodes in the groin.
The multiple lymph nodes in the groin of the cat provide
a reasonable model of the lymphatic anatomy encoun-
tered in the lymph node basins draining the skin of hu-
mans. The results achieved in this model indicate that
the dye isosulfan blue (Lymphazurin*) provides a useful
tool in mapping the dermal lymphatics. Of even greater
importance clinically, it can be demonstrated that a par-
ticular anatomic skin site will drain to a specific lymph
node.

The standard technique for visualizing lymph node ar-
chitecture and determining whether the lymph node is
involved with a metastatic process is lymphangiography.'3
This technique is dependent on the replacement ofnormal
lymph node tissue by the neoplastic process that does not
fill with radiopaque contrast material. Although this has
been used in melanoma, it has proven not to be of use
for the identification of patients who are candidates for
lymphadenectomy." Because lymphangiography can
identify only lymph nodes in which substantial amounts
ofthe node have been replaced by metastatic deposit, and
the majority oflymph nodes that are clinically uninvolved
with metastatic tumor will have metastatic tumor deposits
identified only microscopically or by using sensitive im-
munohistochemical techniques,'6 this standard lymph-
angiography is of little use in this setting. For this reason
the ability to map the lymphatics and to selectively identify
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FIG. 2. Schematic representation of injection sites in the feline model.
A reproducible pattern ofdrainage was identified by injection of isosulfan
blue into the medial aspect of the thigh, which led to drainage to the
middle lymph node; the lateral thigh, which led to drainage to the lateral
lymph node; and the perineum and lower abdomen, which drained the
medial lymph node.
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the lymph node or nodes at greatest risk for containing
metastatic disease appears to be critical if selective
lymphadenectomy is to be clinically useful at the time of
surgical excision.

Isosulfan blue is a monosodium salt of a 2,5 disulfon-
ated triphenylmethane dye'7 that may be weakly bound
to albumin and is selectively picked up by the lymphatic
vessels, which then are delineated in a bright blue color,
making them discernible from surrounding tissue. It has
no known pharmacologic action. Isosulfan blue has been
indicated as an adjunct to lymphography in humans for
visualization of the lymphatic system draining from the
region of injection, and comes from the manufacturer in
a 1% solution. For the purpose of visualizing the fine der-
mal lymphatics in humans, isosulfan blue satisfactorily
identified the lymphatics in approximately 97% ofsubjects
studied.'7 It seemed to be an ideal dye for use in this
model.

In this study isosulfan blue was used to identify the
dermal lymphatics and to map the regional lymphatics
of the cat. The dye proved to have a number of charac-
teristics that could be useful in selective lymphadenec-
tomy. The bright blue coloration of isosulfan blue is
readily visualized and allows easy identification of the
lymphatic channel. Additionally when entering the lymph
node, isosulfan blue stains the node a pale blue that is
readily discernible from the nonstained lymph node. In
contrast the other dyes used in this study proved to be
unsatisfactory and were abandoned, largely because of
diffusion into the surrounding tissue and insufficient pick-
up by the lymphatic vessels. Cyalume as a fluorescent dye
was readily visualized but required a dark room for op-
timal visualization. Additionally because ofthe extensive
and rapid diffusion into the surrounding tissue, the back-
ground fluorescence made this agent unacceptable.
Methylene blue, a water-soluble agent, proved to have
relatively poor uptake by the lymphatics. Combining
methylene blue with varying concentrations of high-mo-
lecular-weight dextran, failed to improve the lymphatic
uptake. For this reason further studies with this agent were
abandoned.

Certain technical aspects regarding the use of isosulfan
blue in the mapping of dermal lymphatics in the cat are
worthy of discussion. Injection of the dye intradermally
is critical, because subcutaneous injections result in the
rapid passage ofdye through apparently distinct and sep-

arate lymphatic channels into the deep nodes of the iliac
system, completely bypassing the superficial inguinal
nodes. To minimize this potential confusion, only small
volumes of dye should be injected to prevent the extrav-
asation of the dye in the subcutaneous tissue. In defining
the lymphatics, extreme caution should be used in ele-
vating skin flaps. Furthermore it is preferable to develop
skin flaps that are opposite the injection site to avoid pre-

mature disruption of these fine lymphatic channels. Fi-
nally the dissection must be performed promptly, because
the dye can sequentially pass through the primary draining
lymph node into an adjacent lymph node.
The feline model used in this study provides insight

into a number ofcritical questions regarding the lymphatic
drainage of skin. Because the cat is similar to humans
with multiple lymph nodes in the groin, it provided the
means to study whether a particular area of the skin
drained to a particular lymph node. The ability to repro-
ducibly map a single lymph node by injection ofisosulfan
blue into a given anatomic site suggests that lymphatic
drainage is highly predictable and drains to a single "sen-
tinel" lymph node. Only after the isosulfan blue passes
through the primary draining lymph node does it begin
to stain the other lymph nodes. By carefully selecting the
injection site for the isosulfan blue, we could identify an
area where lymph nodes that drain separate anatomic sites
could be stained blue, indicating the boundary between
these two areas and a "crossing over" of the lymphatics.
The results achieved by the intradermal injection of

isosulfan blue in this feline model provide support for the
concept of selective lymphadenectomy in those tumors
ofthe skin at risk for lymphatic metastases, primarily cu-
taneous malignant melanoma. Iftumor cells were to enter
the dermal lymphatics and travel in a fashion similar to
isosulfan blue, it would seem logical to assume that the
primary lymph node draining that site would be the node
at risk for developing metastatic disease. Ifthe lymphatics
ofthe primary melanoma could be mapped and the lymph
node at risk examined, the need for complete lymphad-
enectomy might be avoided if this lymph node could be
shown not to harbor metastatic disease. The development
of this feline model to examine the lymphatic drainage
of the skin supports the potential utility of selective
lymphadenectomy in the surgical management of cuta-
neous neoplasms whose primary route of metastases is
through the dermal lymphatics.
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